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Introduction 


The  AH-64  Apache  is  the  Army's  most  recently  fielded  attack 
helicopter  and  its  most  advanced  air  combatant  to  date.  Its 
operational  requirements  include  quickly  concentrating  antitank 
and  suppressive  firepower  on  targets  during  day,  night,  and/or 
adverse  weather  conditions.  To  achieve  its  missions,  the  Apache 
employs  the  Integrated  Helmet  and  Display  Sighting  System 
(IHADSS) ,  an  advanced  electro-optical  display  system  that 
integrates  video  from  forward-looking  infrared  sensors  on  the 
nose  of  the  aircraft  with  flight  and  weapons  control  symbology 
and  presents  it  all  to  the  pilot's  right  eye. 

Central  to  the  Apache's  display  system  is  the  Helmet  Display 
Unit  (HDU) ,  the  helmet-mounted  optical  tube  containing  the  minia¬ 
ture  (1-inch)  cathode  ray  tube  (CRT)  upon  which  the  video  mix  is 
presented  (Figure  1) .  Imagery  from  the  CRT  is  relayed  optically 
through  the  HDU  and  reflected  off  the  combiner  lens,  a  beamsplit¬ 
ter  which  is  situated  adjacent  to  the  pilot's  cheekbone  and 
directly  in  front  of  his  eye.  The  system  is  designed  to  provide 
>~he  pilot  with  a  30  degree  vertical  by  40  degree  horizontal 
monocular  field-of-view  (FOV) . 

Because  of  the  limited  eye  relief  distance  between  the  eye 
and  HDU,  precise  positioning  of  HDU's  exit  pupil  is  critical  for 
full  field  viewing.  Additional  devices,  such  as  the  standard 
aviator's  spectacle  frame  or  his  M-24  protective  mask,  inserted 
into  this  constricted  space  increase  the  HDU's  designed  vertex 
distance  and  reduce  the  pilot's  FOV.  FOV  losses,  in  turn,  impair 
the  pilot's  ability  to  see  the  flight  symbology  presented  in  the 
display's  periphery. 

To  alleviate  HDU  compatibility  problems  inherent  in  the 
design  of  the  current  M-24  protective  mask,  the  U.S.  Army  Chemi¬ 
cal  Research,  Development  and  Engineering  Center  (CRDEC) ,  at  the 
direction  and  sponsorship  of  Product  Manager  for  Aviation  Life 
Support  Equipment  (PM-ALSE) ,  has  developed  the  M-43  protective 
mask  for  Apache  aviators.  This  mask  consists  of  a  full-face 
bromobuty 1/rubber  molded  faceblank  with  molded  polycarbonate 
lenses  that  conform  closely  to  the  shape  of  the  eyes  (Figure  2) . 
Both  eyepieces  share  the  same  design  except  the  right  lens  is 
notched  to  facilitate  proper  positioning  of  the  HDU.  A  series  of 
sized  interpupillary  distance  staples  is  used  to  adjust  the 
lenses  for  proper  optical  centering.  A  blower  system  is  used  to 
provide  the  mask  with  filtered  air  for  breathing  assistance, 
evaporative  head  cooling,  and  lens  defogging. 

Because  of  the  mask's  form-fit  design,  the  spectacle  wearing 
(ametropic)  aviator  can  no  longer  wear  the  standard  forms  of 
optical  correction  under  his  mask.  Therefore,  CRDEC  also  has 
developed  a  new  prescription  carrier  for  the  M-43  mask,  a 
separate  polycarbonate  corrective  lens  that  can  be  bonded 
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Figure  l.  Pilot  wearing  the  Apache  aviator's  helmet  with  the 
Helmet  Display  Unit  (HDU)  attached. 


Figure  2.  M-4  3  protective  mask  ensemble. 
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directly  onto  the  outer  surface  of  the  eyepiece  (Figure  3) .  Be¬ 
cause  the  "glue-on"  cannot  be  removed  without  great  difficulty, 
this  corrective  option  essentially  dedicates  the  modified  pro¬ 
tective  mask  to  a  particular  individual. 

Results  of  optical  and  visual  testing  have  demonstrated 
generally  satisfactory  visual  performance  with  the  piano  (non¬ 
corrective)  M-43  mask,  providing  the  mask's  blower  system  is 
functioning  properly  (Walsh,  Rash,  and  Behar,  1987?  Levine, 
Lattimore,  and  Behar,  1990).  However,  some  of  the  mask's  physi¬ 
cal  features  have  been  reported  to  restrict  pilot  head  movement 
and  impair  his  visual  f ield-of-view  (Rash  et  al.,  1984?  Davis  and 
Smith,  1989) .  Special  concern  exists  with  respect  to  the  correc¬ 
tive  lens  because  its  added  thickness  (2  to  3  mm)  and  relatively 
steep  (2.4  cm)  radius  of  curvature  may  potentially  induce  visual 
and  perceptual  problems.  Such  problems  include  magnification 
effects  (increased  perceived  image  size),  FOV  reductions,  and, 
from  prismatic  displacement,  apparent  image  movement.  As  yet, 
only  preliminary  testing  has  been  accomplished  with  the  correc¬ 
tive  mask. 

To  address  these  concerns,  PM-ALSE  requested  that  the  U.S. 
Army  Aeromedical  Research  Laboratory  evaluate  visual  function  and 
FOV  through  the  M-43  protective  mask  with  prescription  eyepieces 
(Appendix  A) .  In  response,  the  Laboratory  conducted  a  study 
designed  to  compare  several  aspects  of  visual  function  and  IHADSS 
FOV  in  ametropic  aviators  corrected  "normally"  (by  spectacles  or 
contact  lenses)  and  during  wear  of  the  corrective  M-43  mask.  The 
work  was  performed  just  prior  to  and  in  conjunction  with  an 
operational  evaluation  of  the  mask  in  the  same  subjects  by  the 
U.S.  Army  Aviation  Development  Test  Activity,  Fort  Rucker, 

Alabama  (Davis  and  Smith,  1989) . 


Figure  3.  "Glue  on"  corrective  optics  for  M-43  mask. 
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Methods 


Subjects:  Initial  plans  called  for  15  aiaetropic  AH-64 
helicopter  pilots  to  serve  as  volunteer  subjects.  However,  for  a 
variety  of  reasons,  only  eight  could  participate.  Of  these,  six 
routinely  wore  standard  flight  spectacles  and  two  wore  contact 
lenses  as  participants  in  another  study.  (In  the  present  study, 
both  spectacles  and  contact  lenses  are  considered  the  pilots* 
"normal"  correction.)  All  were  on  active  flight  status  and 
assigned  to  AH-64  battalions  at  Fort  Hood.  n'exas.  Responsibili¬ 
ties  for  subject  selection,  test  scheduling,  and  travel  funding 
were  undertaken  by  PM-ALSE. 

Masks  and  mask  fitting:  M-43  masks,  ranging  in  size  from 
small  to  extra  large,  were  provided  by  CRDEC.  Prior  to  correc¬ 
tive  lens  modification  and  subject  testing,  the  masks  were  fitted 
individually  to  each  subject  by  an  aviation  life  support  equip¬ 
ment  specialist  trained  expressly  for  this  task  by  CRDEC.  In 
addition,  prior  to  testing,  each  subject  was  provided  with  ample 
wearing  time  to  help  him  adapt  to  the  corrective  mask.  Subjects 
wore  their  personal  helmets  with  the  mask. 

Refractive  error:  The  use  of  corrective  eyepieces  requires 
that  each  lens  pair  be  produced  individually  to  match  each 
aviator’s  prescription.  However,  because  the  M-43’s  corrective 
optics  are  manufactured  by  injection  molding  technology,  fabrica¬ 
ting  a  mold  for  every  required  prescription  would  be  prohibitive¬ 
ly  expensive.  Therefore,  USAARL  was  requested  to  develop  a  pre¬ 
scription  matrix  to  limit  the  number  of  required  lens  molds  yet 
establish  a  corrective  capability  to  provide  aviators  falling 
within  this  prescriptive  envelope  with  satisfactory  correction. 
This  "compromise"  prescription  matrix  is  shown  in  Appendix  A. 
(Note  that  the  lens  manufacturer  is  not  yet  capable  of  providing 
correction  beyond  the  limits  shown  in  this  matrix  [more  than  1.50 
diopters  of  hyperopia,  more  than  2.00  diopters  of  myopia,  and/or 
more  than  2.00  diopters  of  astigmatism].) 

Prior  to  testing,  each  subject's  ophthalmic  prescription  was 
validated  by  optometric  examination.  Each  prescription  then  was 
compared  to  the  prescription  matrix  and  the  "best”  available 
power  for  that  individual  determined.  This  information  (Appendix 
B)  then  was. provided  to  both  the  mask  proponent  and  the  developer 
who  had  the  lenses  fabricated  and  permanently  installed  onto  the 
proper  size  mask. 

Visual  functions  tests  and  procedures:  Several  measures  of 
visual  function  were  selected  for  analysis,  including  high  and 
low  contrast  visual  acuity,  heterophoria,  fixation  disparity,  and 
stereopsis  at  both  near  and  far.  Tests  first  were  conducted  with 
normal  correction  (corrective  spectacles  or  contact  lenses)  and 
then  with  the  corrective  mask.  The  test  procedures  were  as 
follows: 
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1.  High  and  low  contrast  visual  acuities  —  High  contrast 
visual  acuity  was  measured  using  standard  (high  contrast)  Snellen 
letters  projected  onto  a  screen  at  a  distance  of  20  feet.  Both 
monocular  and  binocular  acuities  were  tested  in  five  different 
directions  of  gaze:  straight  ahead,  and  15  degrees  each,  right, 
left,  up,  and  down.  (Fifteen  degrees  was  chosen  arbitrarily  on 
the  assumption  that  a  moving  target  will  elicit  a  head  turn  after 
the  eyes  have  moved  some  15-20  degrees  away  from  the  primary  line 
of  sight.)  Right  and  left  gaze  positions  were  accomplished  by 
rotating  the  examining  chair  15  degrees  in  the  direction  opposite 
to  gaze;  up  and  down  positions  were  achieved  by  using  a  head- 
mounted  inclinometer  to  position  the  subject's  head  in  the 
desired  (opposite)  direction.  Low  contrast  visual  acuity  was 
determined  with  the  3  and  9  percent  Regan  low  contrast  letter 
charts  (Regan  and  Nieroa,  1983) .  Both  monocular  and  binocular 
performance  were  evaluated  at  the  recommended  (10  foot)  distance, 
but  in  the  straight-ahead  viewing  position  only.  Subjects 
received  one  of  each  test  with  normal  correction  and  the  mask. 

2.  Heterophoria  —  Heterophoria  refers  to  the  tendency  of 
the  two  eyes  to  deviate  from  the  lines  of  sight  required  to 
maintain  single  binocular  vision.  During  testing  for  heterophor¬ 
ia,  each  of  the  eyes  observe  dissimilar  images,  thereby  preclu¬ 
ding  the  normal  fusional  process.  Since  the  stimulus  for  fusion 
is  no  longer  available,  the  eyes  assume  a  "position  of  rest." 

The  term  used  to  describe  this  deviation  is  the  "prism  diopter," 
which  is  a  unit  specifying  the  amount  of  deviation  of  light  by  an 
ophthalmic  prism.  One  prism  diopter  is  the  equivalent  of  bending 
light  one  centimeter  at  a  distance  of  one  meter.  The  Armed 
Forces  vision  test  apparatus  was  used  to  measure  heterophoria  in 
the  present  study.  Subject  performance  was  determined  as  the 
mean  of  three  trials. 

3.  Fixation  disparity  —  Although  several  types  of  dis¬ 
parity  exist,  fixation  disparity  may  be  considered  as  a  measure 
of  the  slight  over-  or  underconvergence  of  the  two  eyes  while 
viewing  a  single  target.  The  Wesson  Fixation  Disparity  Card  was 
used  to  determine  fixation  disparity  in  the  present  study. 

In  this  test,  the  subject  viewed  a  target  at  che  normal 
reading  distance  of  16  inches.  Although  the  subject  viewed  the 
target  binocularly,  polarizing  spectacles  were  worn  so  that  each 
received  independent  images.  The  subject's  left  eye  viewed  a 
series  of  chromatic  vertical  lines  located  above  a  single  hori¬ 
zontal  line.  Simultaneously,  his  right  eye  viewed  a  single 
vertical  black  line  below  the  horizontal  line.  The  subject  then 
was  tasked  with  selecting  the  chromatic  vertical  line  best 
aligned  •  1th  the  black  vertical  line.  For  the  five  linear 
possibilities,  the  corresponding  fixation  disparities  were  4.3, 
8.6,  17.2,  25.8,  and  34.4  minutes  of  arc.  A  total  of  three 
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trials  were  administered  to  each  subject  under  each  viewing 
condition;  the  mean  was  used  as  the  measure  of  his  performance. 

4.  Stereopsis  —  Stereopsis  may  be  defined  as  the  visual 
perception  of  three  dimensional  space  resulting  from  the  slightly 
different  angle  which  each  eye  observes  a  target.  (Stereopsis 
can  be  experienced  using  binocular  vision  only.)  This  sensation 
of  *,3-"Drt  is  most  perceptible  at  distances  of  up  to  about  3  feet, 
although  it  can  be  demonstrated  at  ranges  much  further  away.  In 
the  present  study,  stereopsis  was  measured  for  both  near  and 
distance  vision.  At  reading  distance  (16  inches),  stereopsis 
was  tested  with  a  single  administration  of  the  Randot  stereotest. 
At  distance  (20  feet) ,  a  modified  Howard-Dolman  apparatus  was 
used.  (In  this  tsst,  the  observer  aligns  two  vertical  rods, 
located  side-by-side,  in  a  frontoparallel  plane.  The  rods  are 
enclosed  in  a  box  to  eliminate  extraneous  depth  cues,  but  are 
partially  visible  through  the  front  of  the  box  via  a  small, 
rectangular  window.  Instead  of  using  the  usual  pulley-and-cord 
arrangement  to  move  the  rods  back-and  forth  [a  technique  that  can 
introduce  unwanted  tactile  and  proprioceptive  cues  to  the  desired 
visual  task] ,  the  device  was  modified  so  that  rod  movement  was 
controlled  electronically  and  signalled  remotely  via  a  hand-held 
radio  controller.'  Stereopsis  thresholds  for  each  subject  were 
determined  as  the  standard  deviation  of  the  misalignment  scores 
of  10  trials. 


IHADSS  FOV  test  procedures :  FOV  testing  was  conducted 

with  all  but  one  of  the  spectacle  wearers  (Subject  2) .  For  the 
remaining  spectacle  wearers,  measurements  were  made  first  with 
spectacle  correction  and  then  with  the  corrective  mask.  (During 
FOV  testing,  modified  spectacle  frames  were  worn  in  order  to 
accommodate  the  HDU  [McLean  and  Rash,  1984].)  For  the  contact 
lens  wearing  subjects,  FOV  was  evaluated  with  contact  lenses 
only,  with  contact  lenses  and  a  piano  mask,  and  with  the  correc¬ 
tive  mask.  (Measuring  visual  fields  with  the  piano  mask  per¬ 
mitted  us  to  assess  the  effects  of  inoruased  eyepiece  thickness 
on  the  IHADSS'  FOV.) 

FOV  measurements  were  made  in  the  laboratory  with  the 
IHADSS.  Video  signals  used  for  initial  alignment  and  target 
stimuli  were  generated  by  a  Hewlett-Packard  model  9845B  computer 
used  in  conjunction  with  a  Tektronix  4025  terminal.  Video 
signals  were  input  to  an  IHADSS  digital  electronic  unit,  which, 
in  turn,  produced  the  desired  visual  output  on  the  helmet-mounted 
CRT  display.  The  output  then  wat  elayed  optically  through  the 
HDU  and  finally  reflected  off  the  combiner.  The  raster  was 
generated  so  as  to  match  the  CUT  facemask  on  the  display  face. 

The  facemask  was  designed  so  that  the  visible  image  size  cor¬ 
responded  to  a  30  degree  vertical  by  40  degree  horizontal  FOV. 

Prior  to  testing,  the  subject  was  fitted  with  his  helmet  and 
the  HDU.  Then,  he  was  provided  with  an  alignment  pattern, 
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consisting  of  a  series  of  meridional  lines,  with  which  to  focus, 
center,  and  orient  the  display  imagery*  A  practice  trial  then 
was  administered  to  verify  the  centering  of  his  FOV  and  famil¬ 
iarize  him  with  the  test  procedures. 

Testing  was  conducted  in  a  darkened  room  with  the  subject 
seated  and  facing  a  black  partition.  The  target  stimulus  con¬ 
sisted  of  a  small,  high  contrast,  computer-generated  tic  mark 
which  entered  the  subject’s  (HDU's)  FOV  along  one  of  eight 
different  meridians.  The  target  progressed  towards  the  center  of 
the  display  in  increments  of  approximately  l/8th  of  a  degree  and 
at  a  rate  of  two  incremental  steps  per  second.  The  selected 
meridians  were  at  the  following  angles:  0,  36,  90,  144,  180, 

216,  270,  and  324  degrees.  Figure  4  shows  the  relative  direc¬ 
tions  of  the  measured  meridians.  (A  center  reference  cross  and  a 
short  meridional  indicator  line  were  generated  for  each  target  so 
as  to  alert  the  subject  to  the  entry  direction  of  the  target.) 

To  determine  the  field  extent  over  which  the  symbology  could 
be  presented,  the  subject  was  instructed  to  look  in  the  direction 
of  the  entering  target.  Upon  each  detection,  the  subject  pressed 


Figure  4.  Meridians  selected  to  examine  HDU's  field-of-view. 
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a  hand-held  switch.  An  audible  * **beep"  was  used  as  feedback  for 
each  detection.  Testing  consisted  of  four  presentations  along 
each  meridian,  first  in  a  counterclockwise  direction  and  then  in 
reverse  direction  for  each  successive  presentation.  To  compen¬ 
sate  for  possible  learning  effects,  the  sequence  of  conditions 
was  alternated  for  each  subject. 


Results 

Mask- induced  visual  field  obstruction?  It  was  evident  from 
the  start  of  acuity  testing  that  the  inherent  design  of  the  M-43 
protective  mask  impaired  binocular  vision  in  many  of  the  tested 
directions  of  gaze.  Table  1  provides  a  comparison  of  mask 
obstructions  reported  by  each  subject  for  each  tested  viewing 
direction. 


Table  1. 

Directions  of  gaze  blocked  by  the  M-43  protective  mask 


Right  eye  position  Left  eye  position 

_ (degrees^ _  _ ( degrees) 


15 

15 

15 

15 

15 

15 

15 

15 

Subiect 

UR 

down 

left 

right 

up 

down 

left 

right 

1 

*  ft 

** 

2 

* 

** 

3 

** 

** 

** 

** 

4 

** 

** 

*6 

*  * 

5 

** 

** 

* 

** 

* 

** 

6 

** 

* 

7 

** 

** 

8 

** 

** 

*  Denotes  partial  blockage 

**  Denotes  complete  blockage 


As  can  be  seen,  half  the  subjects  reported  complete  visual 
obstruction  with  an  upward  viewing  angle  of  15  degrees.  (Even  a 
slight  upward  gaze  required  compensatory  head  movement  to  achieve 
binocularity . )  Most  subjects,  because  of  blockage  by  the  nasal 
profile,  also  reported  complete  visual  interference  in  the  right 
eye  looking  15  degrees  to  the  left  and,  in  the  left  eye,  looking 
15  degrees  to  the  right.  While  not  addressed  in  this  study,  our 
observations  also  indicate  that  there  will  likely  be  some  sub¬ 
jects  who  encounter  difficulty  with  binocularity  at  distances 
closer  than  20  inches;  the  degree  of  physical  interference  with 
vision  will  be  dependent  upon  the  aviator's  facial  features  and 
the  fit  of  the  mask. 
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visual  functions  tests: 


1.  Visual  acuity:  Due  to  the  viewing  problems  associated 
with  the  mask,  the  proposed  test  matrix  for  high  contrast  acuity 
could  only  be  partially  completed.  As  shown  in  Table  1,  complete 
high  contrast  acuity  testing  could  be  achieved  only  for  the 
straight  ahead  and  downward  gaze  positions.  However,  comparable 
results  were  obtained,  for  both  monocular  and  binocular  vision, 
at  all  nonobstructed  positions  of  gaze. 

Table  2  presents  the  high  contrast  acuity  results  for  the 
straight-ahead  viewing  condition.  These  data  are  considered 
representative  for  all  the  tested  directions  of  gaze.  For  comp¬ 
arison  purposes,  the  data  are  broken  out  according  to  habitual 
visual  correction  —  spectacles  or  contact  lenses.  Treatment 
means  are  shown  in  Snellen  notation  to  facilitate  their  inter¬ 
pretation.  (The  means  were  calculated  by  obtaining  the  values  of 
the  logarithms  of  the  minimum  angles  of  resolution,  averaging 
them,  and  then  converting  them  into  their  Snellen  equivalents. 

The  positive  and  negative  numbers  adjacent  to  the  Snellen  values 
represent,  respectively,  the  number  of  additional  letters  iden¬ 
tified  correctly  on  the  next  smaller  line  of  the  chart  or  the 
number  of  letters  missed  on  the  "best"  line  read.) 


Table  2 . 


Mean  high  contrast  Snellen  acuity  for  straight-ahead  gaze 


Viewing 

Condition 

Eve(s) 

Right 

Left 

Both 

Hsitml  sQrtsctjpn 
Spectacle  wearers 
Contact  lens  wearers 

2C/15” 

20/15'2 

20/15 

20/20*’ 

20/15 

20/15” 

Corrective  mask 
Spectacle  wearers 
Contact  lens  wearers 

20/15 

20/20 

2  0/1 5” 
20/20” 

20/15 

20/15” 

As  can  be  seen  Table  2, 

high  contrast 

letter 

acuity  was 

generally  20/20  or  better  for  all  subjects  under  the  two  correc¬ 
tive  conditions  of  viewing.  Measured  acuities  were  slightly 
better  with  two  eyes  rather  than  with  one  and  in  spectacle 
wearers  rather  than  in  contact  lens  subjects.  However,  better 
binocular  acuity  simply  confirms  the  expected  effects  of  binocu¬ 
lar  summation  (Campbell  and  Green,  1965),  where  two-eyed  acuity 
exceeds  that  with  one,  and  the  small  number  of  subjects  tested  in 
lenses  renders  the  slight  differences  in  average  acuity  associa¬ 
ted  with  the  different  modes  of  visual  correction  without 
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practical  significance.  More  important  to  the  objectives  of  the 
present  study,  these  data  reveal  jtq  impairment  in  high  contrast 
acuity  using  the  glue-on  corrective  optics. 

The  results  of  the  low  contrast  acuity  tests  are  shown  in 
Table  3.  Since  similar  performance  levels  were  observed  among 
spectacle  and  contact  lens  wearers,  to  simplify  the  data  presen¬ 
tation,  the  data  from  both  groups  have  been  combined  (N«8  for 
each  viewing  condition) .  The  mean  acuities  are  expressed  to  the 
nearest  whole  Snellen  line. 


Table  3. 


Mean  low  contrast  acuity 


contrast 

3Jl 

contrast 

Right 

Left 

Both 

Right 

Left 

Both 

Viewina  condition 

eve 

eve 

eves 

eve 

eve 

eves 

Normal  correction: 

20/25 

20/25 

20/20 

20/40 

20/40 

20/30 

Corrective  mask: 

20/30 

20/30 

20/25 

20/40 

20/40 

20/30 

As  expected,  acuities  were  generally  better  with  the  higher 
contrast  chart  and  with  two  eyes  rather  than  with  one.  (No 
differences  in  mean  acuity  between  fellow  eyes  were  observed.) 
Small  differences  between  the  two  viewing  conditions  were  ob¬ 
served,  but  only  on  the  9  percent  chart.  While  these  differences 
occurred  in  several  subjects,  the  magnitude  of  the  effect  (on  the 
average  3  or  4  chart  letters)  is  too  small  to  be  of  practical 
significance. 

2.  Heterophoria  —  Average  horizontal  heterophoria  (eso- 
phoria)  was  1.49  prism  diopters  for  subjects  wearing  their  normal 
correction  (spectacle  mean^l.BS;  contact  lens  mean-1.32)  and  1.08 
prism  diopters  with  the  corrective  mask.  Neither  the  amount  of 
measured  esophoria  nor  the  differences  observed  with  each  correc¬ 
tive  system  are  considered  to  be  of  practical  significance. 

3.  Fixation  disparity  —  Fixation  disparity  for  subjects  in 
spectacles  ranged  from  0  to  5.73  minutes  of  arc  (min  arc)  ex- 
ophoric  (exo;  overall  mean  =  1.67  min  arc);  disparities  for  the 
two  contact  lens  wearers  were  2.87  and  8.60  min  arc  exo,  respec¬ 
tively.  In  corrective  masks,  the  eight  subjects  displayed  much 
greater  variability.  Mean  disparity  (and  numbers  of  subjects) 
for  the  corrective  mask  condition  were:  0  min  arc  (2),  4.3  min 
arc  exo  (1),  7.16  min  arc  exo  (1),  8.6  min  arc  exo  (1),  25.8  min 
arc  exo  (1),  5.73  min  arc  esophoric  (eso)  (1),  and  8.6  min  arc 
eso  (l).  The  overall  mean  with  the  corrective  mask  was  3.94  exo. 
Among  just  the  spectacle  wearers,  one  subject  remained  0,  two 
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creased  in  exo,  and  three  increased  in  eso  —  a  wide  response 
distribution  with  no  apparent  trend. 

The  high  degree  of  variability  in  disparity  among  subjects 
in  the  corrective  mask  suggests  the  presence  of  prismatic  dis¬ 
placement.  Causative  candidates  include  the  mask  lens's  high 
radius  of  curvature,  its  added  thickness,  or  its  nonoptical 
centering  during  assembly.  Binocular  deviation  in  fixation 
disparity  could  result  in  each  case  even  with  very  small,  off- 
center  positions  of  viewing.  Follow-up  optical  testing  is 
necessary  to  resolve  whether  the  design  parameters  of  the  M-43's 
prescription  optics  or  its  assembly  process  are  problematical. 

4.  Stereopsis  —  Stereopsis  at  near  distance  with  the 
Randot  test  showed  no  significant  differences  among  viewing 
conditions.  Average  angular  disparity  thresholds  measured  25.9 
sec  arc  for  subjects  with  normal  correction  versus  23.44  sec  arc 
with  the  corrective  mask.  Performance  by  contact  lens  wearers 
fell  within  the  performance  envelope  exhibited  by  the  spectacle 
wearers . 

Stereopsis  at  distance  with  the  Howard-Dolman  device  was 
more  variable.  Without  the  mask,  mean  angular  disparity  thresh¬ 
olds  were  8.72  sec  arc  for  spectacle  wearers  and  8.68  sec  arc  for 
the  two  contact  lens  wearers.  Mean  disparity  among  the  eight 
subjects  increased  to  24.01  sec  arc  when  they  made  the  same 
observations  through  the  corrective  mask.  Examination  of  the 
data  showed  this  rather  large  figure  to  be  the  result  of  the  data 
from  the  first  two  subjects  tested.  Eliminating  the  corrective 
mask  data  from  both  subjects  reduced  the  mean  to  5.49,  an  im¬ 
provement  over  the  observations  made  through  habitual  correction. 

IHADSS  f ield-cf-view: 

1.  Corrective  mask  vs.  modified  spectacles:  Individual 
f ield-of-view  plots  were  made  for  each  of  the  subjects  tested. 

Two  of  these  plots,  representing  ''best”  and  "worse"  case  results 
among  the  spectacle  wearers,  are  shown  in  Figures  5  and  6.  In 
each  figure,  the  bold,  outer  rectangle  represents  the  designed  30 
X  40  degree  IHADSS  design  f ield-of-view.  The  inner  curves 
represent  the  measured  visual  fields  for  each  of  the  viewing 
conditions  tested.  The  dotted  curve  represents  the  subject's 
field  with  modified  corrective  spectacles  and  the  solid  curve 
represents  his  field  with  the  M-43  corrective  mask.  As  can  be 
seen,  field  losses  along  the  horizontal  and  oblique  meridians 
generally  exceeded  those  obtained  vertically  (but  see  below) . 

More  important,  field  losses  with  the  corrective  mask  exceeded 
those  with  the  modified  spectacle. 

A  critical  factor  which  can  affect  field  size  along  any 
given  meridian  is  the  alignment  of  the  HDU.  For  example,  mis¬ 
alignment  along  the  horizontal  axis  can  result  in  both  a  measured 
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Figure  5.  "Best  case"  IHADSS  FOV  with  M-43  corrective  mask  and  corrective 
spectacles  (Subject  3) . 


field  decrease  along  the  0  degree  meridian  and  a  corresponding 
increase  along  the  collinear  180  degree  meridian.  To  "correct" 
for  this  effect,  data  from  pairs  of  collinear  meridians  (0  and 
180,  36  and  216,  90  and  270,  and  144  and  324  degrees)  were  used 
to  compare  field  losses  in  the  two  viewing  conditions.  Table  4 
presents  the  summed  field  measurements  for  both  the  corrective 
mask  and  modified  spectacle  conditions. 


Table  4 . 


Collinear  meridional  fields  for  spectacle  wearers  (in  degrees) : 
Corrective  mask  vs.  modified  spectacles 


Meridians: 

Conditions: 

P  + 
*  CM 

180 

MS 

36  ± 
CM 

216 

MS 

90  + 
CM 

_2Z0 

MS 

Ml 

CM 

_+  324 

MS 

Sub j .  3 

35.5 

36.5 

35.4 

36.1 

28.6 

28.8 

35.1 

35.7 

4 

30.5 

37.0 

29.8 

36.6 

28.5 

29.0 

29.4 

36.4 

5 

30.0 

38.5 

31.2 

38.5 

28.7 

29.4 

30.7 

37.7 

7 

32.3 

35.7 

34.8 

37.4 

29.4 

29.6 

33.1 

32.8 

3 

33.5 

39.1 

33.7 

38.4 

29.2 

29.6 

32.6 

38.3 

Mean 

32.4 

37.4 

33.0 

37.4 

28.9 

29.3 

32.2 

36.2 

Range 

5.5 

3.4 

5.6 

2.4 

0.9 

0.8 

5.7 

5.5 

SD 

2.25 

1.41 

2.40 

1.07 

0.40 

0.36 

2.21 

2.15 

*  Conditions:  CM  =  Corrective  mask;  MS  »  Modified  corrective 
spectacles . 


As  shown  in  Table  4,  vertical  field  loss  with  the  corrective 
mask  was  greater  than  vertical  field  loss  with  modified  spec¬ 
tacles  by  an  average  of  just  0.4  degrees  (28.9  vs.  29.3  degrees 
or  1.4  per-cent) .  However,  horizontal  field  loss  with  the  mask 
exceeded  spectacle  field  loss  by  5  degrees  (32.4  vs.  37.4  degrees 
or  13.2  percent.) 

Because  of  the  limitations  on  the  vertical  field  (maximum  of 
just  15  degrees  on  each  side) ,  actual  losses  along  the  vertical 
meridians  may  be  underestimated  and  a  straightforward  average  of 
values  across  all  meridians  may  be  misleading.  A  better  figure 
of  merit  for  quantifying  field  sizes  and  losses  associated  with 
each  viewing  condition  is  the  average  of  the  means  for  the  two 
diagonal  meridional  pairs  (36  +  216  degrees  and  144  +  324  de¬ 
grees)  .  For  the  five  subjects  tested  under  the  conditions  of 
corrective  mask  and  of  modified  spectacles  (no  mask) ,  the  average 
field  of  the  diagonal  collinear  pairs  decreased  from  36.8  to  32.6 
degrees,  or  11.4  percent. 

The  percent  values  given  above  represent  the  percentages  of 
reduction  along  a  given  meridional  pair.  As  quoted,  they  do  not 
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represent  the  percentage  of  f ield-of-view  lost.  However,  if  the 
available  f ield-of-view  is  assumed  to  be  somewhat  circular  in 
shape,  then  the  average  values  of  the  two  diagonal  meridional 
pairs  approximate  the  diameters  of  the  fields.  Based  on  these 
assumptions,  the  typical  field  area  for  the  condition  of  the 
modified  spectacles  is  1064  square  degrees.  The  associated  area 
for  the  condition  of  corrective  mask  is  824  square  degrees,  a 
reduction  of  23  percent. 

2.  Corrective  mask  vs.  piano  mask:  Figure  7  presents  a 
representative  field  plot  for  one  of  the  two  lens  wearers.  Again 
the  solid  curve  shows  the  subject's  FOV  with  the  M-43  corrective 
mask,  but  in  this  figure  the  dotted  curve  indicates  the  visual 
field  with  a  piano  mask  worn  together  with  contact  lenses.  Table 
5  presents  the  collinear  meridional  fields  for  the  two  condi¬ 
tions. 


Table  5. 


Collinear  meridional  fields  for  contact  lens  wearers: 
Corrective  mask  vs.  piano  mask  w/lenses 


Meridians: 

0  +.. 

180 

36  + 

216 

90  + 

2J. £L 

ill 

+  324 

Conditions: 

*  CM 

PM/C 

CM 

PM/C 

CM 

PM/C 

CM 

PM/C 

Subj.  1 

30.0 

30.4 

29.5 

31.1 

28.9 

29.3 

29.4 

30.5 

6 

32.4 

34.5 

32.3 

34.0 

29.5 

29.5 

32.4 

33.7 

Mean 

31.2 

32.5 

30.9 

32.6 

29.2 

29.4 

30.9 

32.1 

Range 

2.4 

4.1 

2.8 

2.9 

0.6 

0.2 

3.0 

3.2 

SD 

1.70 

2.90 

1.98 

2.05 

0.42 

0.14 

2.12 

2.26 

*  Conditions:  CM  =  Corrective  mask?  PM/C  =  Plano  mask  + 
contact  lenses. 


As  can  be  seen,  a  comparison  cf  visual  field  losses  from  the 
two  masks  showed  minimal  differences.  The  mean  loss  along  the 
vertical  collinear  meridional  pair  was  0.2  degree  or  0.7  percent; 
the  mean  loss  along  the  horizontal  collinear  meridional  pair  was 
1.2  degrees  or  3.7  percent.  Comparing  field  size  using  the  two 
diagonal  meridians  indicated  a  4,6  percent  decrease  with  the 
corrective  mask  to  30.9  from  32.4  degrees.  This  translates  into 
an  additional  9  percent  FOV  reduction  with  the  prescription 
eyepieces,  a  difference  which  may  be  too  small  to  be  of  practical 
significance.  However,  further  testing  with  additional  subjects 
must  be  conducted  to  determine  the  reliability  of  corrective  vs. 
piano  mask  differences  before  definitive  conclusions  can  be 
drawn. 
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Figure  7.  Comparison  of  IHADSS  FOV  with  corrective  and  piano  masks  (Subject  1) . 


QigeumiPM  and  conclusions 


The  present  study  was  designed  to  assess  several  aspects  of 
visual  performance  in  ametropic  AH-64  aviators  wearing  the 
prototype  M-43  corrective  mask.  Performance  on  a  number  of 
visual  functions  tests  (including  high  and  low  contrast  visual 
acuity,  heterophoria,  fixation  disparity,  and  stereopsis)  were 
evaluated  in  the  corrective  mask  and  with  the  aviator's  normal 
means  of  visual  correction  (spectacles  or  contact  lenses) .  In 
addition,  the  use  of  glue-on  prescription  eyepieces  was  compared 
to  both  spectacles  and  the  piano  mask  with  respect  to  additional 
losses  in  the  HDU's  field-of-view.  The  study  was  conducted  on 
eight  subjects,  six  spectacle  wearers  and  two  contact  lens 
wearers,  a  sample  much  smaller  than  that  anticipated  originally. 
Thus,  while  our  study  results  are  informative  and  useful,  con¬ 
clusions  based  on  these  data  presently  must  be  considered  tenta¬ 
tive. 


The  results  of  the  visual  functions  test  were  mixed. 
Comparable  and  satisfactory  visual  performance  was  achieved  with 
both  spectacle  and  contact  lens  correction  and  with  the  correc¬ 
tive  mask  for  high  and  low  contrast  acuity,  heterophoria,  and 
stereopsis.  Measurements  of  fixation  disparity,  however,  showed 
considerable  variability,  even  with  slight  off-axis  angles  of 
viewing.  This  variability  seems  most  likely  due  to  the  unwanted 
prism  power  associated  with  the  glue-on *s  thickness  and  high 
radius  of  curvature.  Subjects  also  reported  (and  we  observed) 
the  presence  of  image  magnification,  in  all  likelihood,  resulting 
from  the  lens*  optical  design  and/or  assembly.  Finally,  problems 
associated  with  mask  fit  and  facial  characteristics  may  have  also 
contributed  to  the  study  results.  To  ensure  optical  centering 
and  avoid  prismatic  imbalance  and  subsequent  visual  discomfort, 
procedures  must  be  developed  to  ensure  accurate  fit,  both  ini¬ 
tially  and  long-term,  of  the  corrective  M-43  mask. 

No  significant  differences  in  FOV  loss  were  observed  between 
the  corrective  mask  and  the  piano  mask,  although  the  data  showed 
general  mask-related  impairments  in  binocular  vision  in  the  15- 
degree  upward  and  lateral  directions  of  gaze.  However,  the 
results  of  the  study  showed  a  greater  IHADSS  FOV  loss  with  the 
corrective  mask  relative  to  that  observed  with  modified  correc¬ 
tive  spectacles  (a  reduction  in  area  of  about  23  percent) .  A 
major  consequence  of  the  M-43's  reduced  field-of-view  will  be  its 
impact  on  the  visibility  of  the  IHADSS  symbology.  Measurements 
of  the  imagery  on  the  IHADSS  indicate  the  symbology  is  located 
within  a  field  of  29  degrees  vertical  by  34  degrees  horizontal. 

It  is  noteworthy  that  six  subjects  (86  percent)  failed  to  obtain 
this  field-of-view  when  wearing  the  M-43,  either  corrective  or 
piano. 

Nonresearch  issues.  Prior  to  selection  of  the  glue-on 
lenses  as  the  method  of  choice  to  correct  ametropic  M-43  mask 


19 


wearers,  there  are  a  number  of  nonresearch  issues  that  need  to  be 
addressed.  These  include,  but  are  not  limited  to,  the  following: 

a.  The  fit  of  the  M-43  mask  is  heavily  dependent  upon 
facial  configuration.  Asymmetrical  features  can  contribute  to 
the  introduction  of  optical  problems.  For  example,  if  the 
wearer’s  eyes  are  not  level,  adjusting  the  mask  to  compensate  may 
be  impossible.  Should  the  wearer  have  a  relatively  large  face 
combined  with  a  narrow  interpupillary  measurement,  even  the  most 
narrow  interpupillary  distance  staple  may  be  insufficient  to 
adjust  the  eyepieces  properly,  a  situation  virtually  assuring 
prismatic  imbalance  and  visual  discomfort. 

b.  The  glue-on  lenses  dedicate  the  mask  to  one  individual. 

c.  This  method  of  correcting  ametropia  is  quite  expensive, 
especially  if  the  decision  is  made  to  provide  the  wearer  with  a 
spare  mask.  The  spare  would  likely  be  required,  especially  if 
the  soldier  was  assigned  overseas. 

d.  Should  the  mask  cr  mask  eyepieces  need  to  be  replaced 
for  any  reason  (such  as  a  prescription  change) ,  it  would  have  to 
be  accomplished  by  a  CONUS  contractor.  The  Department  of  Defense 
optical  laboratories  currently  do  not  have  the  capability  of 
supporting  this  program.  Because  of  the  technical  requirements 
and  the  expense,  it  is  unlikely  they  would  ever  be  able  to 
provide  such  support. 

e.  Presently,  there  is  no  way  to  verify  the  eyepiece 
prescriptions  once  they  are  mounted  in  the  mask.  This  is  not 
likely  to  change,  since  there  is  no  known  commercial  optical 
instrument  that  has  this  capability. 

f.  The  use  of  a  prescription  matrix  limits  the  number  of 
lens  combinations  available  to  users.  It  would  be  absolutely 
necessary  to  expand  the  current  matrix,  should  the  glue-on  lenses 
become  the  system  of  choice. 

g.  Because  of  the  large  number  of  possible  combinations, 
premanufactured  stocked  lenses  would  not  be  feasible.  It  is  more 
likely  their  fabrication  would  be  by  '‘demand,**  possibly  requiring 
a  considerable  amount  of  acquisition  or  replacement  time. 


Recommendations 

The  results  of  this  study  indicate  adequate  visual  perform¬ 
ance  with  the  M-4  3  *  s  prescription  optics  within  the  limits  of  the 
laboratory  environment.  However,  additional  optical  and  visual 
testing  must  be  performed  before  this  corrective  system  can  be 
recommended  without  reservation  for  operational  use.  Particular 
misgivings  exist  with  the  high  degree  of  measured  fixation 


disparity  among  the  subjects  tested.  In  the  course  of  a  flight 
this  level  of  inaccuracy  could  generate  noticeable  visual  discom¬ 
fort  in  the  wearer.  While  we  encourage  the  further  development 
and  testing  of  this  prescriptive  technique,  our  results  indicate 
the  effects  of  undesirable  design  problems,  assembly  problems,  or 
both  in  these  prototype  optical  samples.  Initial  operational 
testing  by  Davis  and  Smith  (1989)  confirms  these  and  other  visual 
problems  as  well. 
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REPLY  TO 
ATTENTION  OF 


AMCPM-ALSE-D 


DEPARTMENT  OF  THE  ARMY 

PRODUCT  MANAGER,  AVIATION  LIFE  SUPPORT  EQUIPMENT 
*300  GOOOFBLLOW  BOULEVARD,  ST.  LOUIS,  MO  63120-179* 


26  May  1937 


MEMORANDUM  FOR:  Commander,  U.S.  Amy  Aercmedical  Research  Laboratory,  ATTN: 
SGRD-uAS- VS ,  P.O.  Box  577,  Fort  Rucker,  Alabama  36362-5292 


SUBJECT:  M43  C3  Mask  Optical  Correction  Evaluation 

1.  Reference  letter,  SGRD-UAS-VS,  28  April  1987,  subject:  Visual  Correction 

uifH  M~43  Mzc]. « 


2.  Evaluation  of  the  adequacy  of  optical  correction  in  M43  CB  Mask  lenses 
remains  a  critical  issue  to  be  resolved.  Your  letter,  referenced  above, 
suggests  two  testing  schemes  to  complete  the  evaluation.  The  first  consists  of 
laboratory  testing  on  the  matrix  of  lenses.  We  will  attempt  to  obtain  masks 
with  the  eonplete  matrix  as  rapidly  as  possible  to  begin  this  effort,  after 
reviewing  the  research  outline  you  will  provide. 

3.  The  second  scheme  involves  in-flight  testing.  Coordination  has  begun  with 
TECOM,  USAAVNDTA,  and  the  6th  CBAC  (Ft  Hood)  to  schedule  this  testing  for  the 
ten  aviators  who  will  receive  prescription  lenses  in  their  masks.  The  6th  CBAC 
has  tentatively  agreed  to  conducting  the  test  from  8  thru  12  June  1987.  An 
outline  of  the  proposed  test,  to  be  monitored  by  the  USAAVNDTA,  is  at  end  1. 

4.  Agreements  reached  at  the  Pre-IPR  on  22  April  1987  stated  that  a  checkride 
with  a  Standardization  Instructor  Pilot  (SIP)  was  required  for  flight  clearance 
for  aviators  with  optically  corrected  lenses.  The  preposed  test  scheme  expands 
this  concept  to  collect  additional  data. 

5.  Request  you  review  the  outline  and  provide  recommendations  for  possible 
inclusion  by  29  May  1937.  Your  recommendations  should  consider  that  we  are 
constrained,  to  some  degree,  by  the  availability  of  time  within  the  field 
unit  and  funds. 

6.  The  ALSE  PMO  point  of  contact  is  Tom  Hrastich,  AUTOVCN  693-3210  cr  commer¬ 
cial  314-263-3210. 

7.  AVSCOM  -  Warriors'  winged  Readiness 


Acting  Product  Manager 
Aviation  Life  Support  Equipment 

CF: 

CDR,  TECOM,  AMSTE-TE-T 
CDR,  USAAVNDTA,  STEBE-MP-? 

CDR,  6  CBAC,  AFVN-AH  (Force  Mod) 

CDR,  CRDEC,  SMCCR-PP 
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Appenflix-B 

M-43  prescription  matrix 


Sphere  BWfcKix-Lagfcvall 


+1. 

00 

[+0. 

97] 

+1. 

00 

[+0. 

97] 

+1. 

00 

[+0. 

97] 

+0. 

50 

[+0. 

56] 

+0. 

50 

[+0. 

56] 

+0. 

50 

[+0. 

56] 

Plano 

[+0. 

03] 

Plano 

[+0. 

03] 

Plano 

[+0. 

03] 

-0. 

50 

[-0. 

41] 

-0. 

50 

[-0. 

41] 

-0. 

50 

[-0. 

41] 

-1. 

00 

[-0. 

85] 

-1. 

00 

[-0. 

85] 

-1. 

00 

[-0. 

85] 

-1. 

50 

[+1. 

37] 

-1. 

50 

[+1. 

37] 

-1. 

50 

[+1. 

37] 

-1. 

87 

[Proposed] 

-1. 

87 

[Proposed] 

-1. 

87 

[Proposed] 

cyUnflgr  Lasta&Il 

0.00  [-0.02] 

-0.7S  [-0.78] 

-1.50  [-1.53] 

0.00  [-0.02] 

-0.75  [-0.78] 

-1.50  [-1.53] 

0.00  [-0.02] 

-0.75  [-0.78] 

-1.50  [-1.53] 

0.00  [-0.02] 

-0.75  [-0.78] 

-1.50  [-1.53] 

0.00  [-0.02] 

-0.75  [-0.78] 

-1.50  [-1.53] 

C.OO  [-0,02] 

"0.75  [-0.78] 

-1.50  [-1.53] 

0.00 

-0.75 

-1.50 
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Subject  prescriptions  for  the  M-43  glue-on  optics 


1 

-1.50  -0.25 

X 

70 

-1.37 

Sphere 

(CL)* ** 

-1.50  -0.25 

X 

90 

-1.37 

Sphere 

2 

Plano  -1.50 

X 

90 

+0.03 

-1.53  x 

90 

Plano  -0.75 

X 

70 

+0.03 

-0.78  x 

70 

3 

-0.75  -0.75 

X 

100 

-0.85 

-0.78  x 

100 

-0.75  -0.75 

X 

95 

-0.85 

-0.78  X 

95 

4 

+0.75  -0.75 

X 

137 

+0.56 

-0.78  X 

137 

+0.50  -0.75 

X 

57 

+0.56 

-0.78  X 

57 

5 

+1.50  -0.50 

X 

172 

+0.97 

Sphere 

+1.25  -0.50 

X 

03 

+0.97 

Sphere 

6 

-0.25  -0.25 

X 

05 

-0.41 

Sphere 

(CL) 

-1.00  -0.25 

X 

10 

-0.85 

Sphere 

7 

+0.25  -0.50 

X 

105 

+0.03 

-0.78  X 

105 

+0.75  -1.50 

X 

72 

+0.56 

-1.53  x 

72 

8 

+1.25  -1.00 

X 

100 

+0.97 

-0.78  x 

100 

+1.25  -1.25 

X 

85 

+0.97 

-0.78  X 

85 

*  Source:  American  Optical  Company,  Southbridge,  MA 

**  CL:  Contact  lens  wearer 


21 


Initial  distribution 


Commander,  U.S.  Army  Natick  Research, 
Development  and  Evaluation  Center 
ATTN:  STRNC-MIL  (Documents 
Librarian) 

Natick,  MA  01760-5040 

Naval  Submarine  Medical 
Research  Laboratory 
Medical  Library,  Naval  Sub  Base 
F  ox  900 

Groton,  CT  06340 

Commander/Director 
U.S.  Army  Combat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703-5304 

Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  New  York  09180 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer,  Naval  Medical 
Research  ana  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20814-5044 

Deputy  Director,  Defense  Research 
and  Engineering 
ATTN:  Military  Assistant 
for  Medical  and  Life  Sciences 
Washington,  DC  20301-3080 

Commander,  U.S.  Army  Research 
Institute  of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703  5401 

U.S.  Army  Communications-Electronics 
Command 

ATTN:  AMSEL-RD-ESA-D 
Fort  Monmouth,  NJ  07703 

Library 

Naval  Submarine  Medical  Research  Lab 
Box  900,  Naval  Sub  Base 
Groton,  CT  06349-5900 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  602-B  (Mr.  Brindle) 
Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Commander,  U.S.  Army  Institute 
of  Dental  Research 
ATTN:  Jean  A  Setterstrom,  Ph.  D. 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 


27 


•mm 


4 


Naval  Air  Systems  Command 
Technical  Air  Libraiy  950D 
Room  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration 
Information  Center,  Code  5804 
Washington,  DC  20375 

Director,  U.S.  Army  Human 
Engineering  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD  21005 

Commander,  U.S.  Army  Test 
and  Evaluation  Command 
ATTN:  AMSTE-AD-H 
Aberdeen  Proving  Ground,  MD  21005 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander,  U.S.  Army  Medical 
Research  and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick,  MD  21702-5012 

Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 


HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 
Falls  Church,  VA  22041-3258 


Naval  Research  Laboratory 
library  Code  1433 
Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

U.S.  Army  Materiel  Systems 
Analysis  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 

U.S.  Army  Environmental 
Hygiene  Agency 
Building  E2100 

Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
SGRD-UIZ-C 

Fort  Detrick,  Frederick,  MD  21702 

Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


28 


Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  73604 

Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 

USARTL-AVSCOM 

NASA  Langley  Research  Center 

Mail  Stop  266 

Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base  FL  33608 

Air  University  Library 
(AUL/LSE) 

Maxwell  Air  Fore  Base,  AL  36112 

U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Henry  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Illinois- Willard  Airport 
Savoy,  IL  61874 

Chief,  Nation  Guard  Bureau 
ATTN:  NGB-AR  (COL  Urbauer) 
Room  410,  Park  Center  4 
4501  Ford  Avenue 
Alexandria,  VA  22302-1451 


Commander 

U.S.  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Gillette) 
4300  Goodfellow  Blvd,  Building  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Civil  Aeromedieai  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OX  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 
ATIN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 

AAMRL/HEX 

Wrigbt-Patterson 

Air  Force  Base,  OH  45433 

University  of  Michigan 

NASA  Center  of  Excellence  in  Man- 

Systems  Research 

ATIN:  R.  G.  Snyder,  Director 

Ann  Arbor,  MI  48109 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 


29 


Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  AMCPM-ALSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120-1798 

Commander 
U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Boulevard 
St  Louis,  MO  63120 

Commanding  Officer 
Naval  Biodvnamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 

Assistant  Commandant 
U.S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73503-0312 

Commander 

TJ.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

Director  of  Professional  Services 
HQ  USAF/SGDT 

Bolling  Air  Force  Base,  DC  20332-6188 

U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510  TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library  Technical 
Reports  Section  (TSKD) 

Brooks  Air  Force  Base,  TX  78235-5301 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Lib)  Stop  217 
Edwards  Air  Force  Base,  CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 


30 


Commander,  Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Frandsco,  CA  94129 

Mr.  Frank  J.  Stagnaro,  ME 
Rush  Franklin  Publishing 
300  Orchard  City  Drive 
Campbell,  CA  95008 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick,  MD  21702-5009 

Commander 

U.S.  Army  Aviation  Center 
Directorate  of  Combat  Developments 
Building  507 
Fort  Rucker,  AL  36362 

U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERI-IR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander  U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Sedge) 

Fort  Detnck,  Frederick,  MD  21702 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 


Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 
Building  502  ' 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 

Commander  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-CG 
Fort  Rucker,  AL  36362 

Commander/President 
TEXCOM  Aviation  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Dr.  William  E.  McLean 
Human  Engineering  Laboratoiy 
ATTN:  SLCHE-BR 
Aberdeen  Proving  Ground, 

MD  21005-5001 

Canadian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 
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LTC  Patrick  Laparra 
French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Brazilian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Famborough  Hants  UK  GU14  65Z 

Dr.  A.  Kornfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 

Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-1 
Fort  Detrick,  Frederick,  MD  21702 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandra,  VA  22313 

Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 


Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 
ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN:  Surgeon 
Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 

U.S.  Air  Force  Armament 
Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN:  AMSMI-RD-CS-R/ILL 
Documents  Redstone  Arsenal,  AL  35898 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Col.  Otto  Schramm  Filho 
c/o  Brazilian  Army  Commission 
Office-CEBW 

4632  Wisconsin  Avenue  NW 
Washington,  DC  20016 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 
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